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Abstract 
This article presents a multiple criteria evaluation of different redevelopment variants of a certain section of a major street in a 
medium – sized metropolitan area. Each of the variants comprises different transportation solutions and concepts as well as 
distinct investments in transportation infrastructure. The variants have been designed heuristically with the application of  
PTV VISUM 11.0 computer traffic simulation system and evaluated according to the principles of Multiple Criteria Decision 
Making / Aiding (MCDM/A) and Group Decision-Making (GDM) methodologies. Traffic simulation for all variants 
considered has been carried out and different parameters distinctive of particular variants have been generated. A consistent 
family of criteria has been defined to evaluate the proposed transportation variants. In the set of criteria interests of the group 
decision maker (Municipal authorities) and three major stakeholders, including: passengers, investor, public transport 
operator, and municipal authorities have been taken into consideration. Computational experiments have been carried out with 
the use of ELECTRE III and AHP methods.  
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1. Introduction 
Many authors (Hensher & Button, 2000, Vuchic, 2007) claim that continuous improvement and enhancement 
of transportation systems is required to satisfy increasing expectations of travellers (passengers), goods suppliers 
and customers. All users of transportation systems want to receive a reliable transportation service that 
corresponds to well – known, general transportation – logistics standards of “7 rights” (Shapiro & Hasket, 1985). 
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To satisfy these requirements new technological, infrastructural and policy – based transportation solutions need 
to be implemented in transportation systems. Many authors report on various advanced and original solutions 
applied in different countries that are frequently developed as a set of combined tools constituting comprehensive 
transportation projects (Novak et al., 2012, Small, 1999, Vuchic, 2007, Zak & Thiel, 2001). This refers also to 
urban transportation systems (Vuchic, 2007, Zak, 2011) which are good example of complex and dynamic 
transportation systems. 
The developed transportation solutions and projects need to be evaluated. Several approaches of this 
evaluation exist (De Brucker et al., 2011, Lee, 2000, Salucci and Delle Site, 2010). The most commonly used 
methodologies of evaluating transportation solutions, projects and systems are: Cost-Benefit Analysis (CBA) 
(Marshall, 1920) and Multiple Criteria Analysis (MCA), often-called MCDM/A (Figueira et al., 2005). The 
former consists in calculating and comparing benefits and costs of a project, decision or policy. Benefits and 
costs are expressed in monetary terms, and are adjusted for the time value of money. The latter involves a 
comprehensive, multiple – dimensional analysis of transportation projects. It allows for taking into account many 
evaluation aspects (criteria) and satisfying subjective, frequently contradictory interests and expectations of 
different stakeholders. The objective of MCDM/A – based evaluation of transportation solutions / projects is to 
balance the existing trade-offs and generate a compromise output.  
In MCDM/A analysis the following parameters and characteristics are used to evaluate the considered 
transportation solutions (Caliskan, 2006, Zak & Thiel, 2001): comfort of travel, accessibility, travel time and 
travel costs, noise & pollution levels, investment costs & profitability, safety, etc. 
In some cases the final decision regarding the selection of specific projects must be carried out as a group – 
oriented decision process (Saaty & Peniwati, 2008). In such a case a group of individuals is responsible for the 
finally selected decision or course of action. The choice from available alternatives is made collectively. 
In this paper the authors present an original methodology of designing and evaluating transportation solutions/ 
projects implemented in an urban transportation system. The proposed approach is based on the application of 
combined theories of traffic macro-simulation, MCDM/A and GDM. A case study associated with the 
redevelopment of a major street in a medium – sized city is demonstrated. The transportation variants are 
designed heuristically with the use of traffic simulation and evaluated according to the principles of MCDM/A 
and GDM methodologies. The decision problem considered is formulated as a multiple criteria ranking problem. 
In the MCA phase different multiple criteria methods are tested. The authors presents the results of computational 
experiments leading to the selection of the most desirable transportation solution for a selected segment of the 
major municipal artery.  
The paper is composed of 5 sections and a list of references. The 1st section introduces into a topic considered 
and provides basic definitions. Section 2 focuses on the methodological background of the research. It 
characterizes traffic simulation, MCDM/A and GDM. The considered decision problem is defined in section 3. 
Computational experiments are demonstrated in section 4, while final conclusions are drawn in section 5.  
2.  Research methodology 
2.1. Traffic simulation 
Traffic simulation (Hillier, Lieberman, 2001) is “a computer program that uses mathematical models to 
conduct experiments with traffic events on a transportation facility or system over extended periods of time”. It 
can describe the entire transportation system (e.g. urban, regional or national) or its selected part or component, 
such as: several intersections, a motorway segment and/or a roundabout. The simulation model consists of two 
mutually interrelated components, i.e.: information on demand that characterizes the passengers’ travel needs and 
information on supply that describes transportation network. Depending on their accuracy and scope the 
simulation models can be divided into (Liebermann & Rathi, 1997): micro- meso- and macro-simulation models.  
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Micro-simulation models that describe traffic at high level of detail and distinguish single, separate units in the 
traffic flow (different types of vehicles, pedestrians) and mutual interactions between them. They are usually 
applied for the detailed analysis of limited segments of transportations systems.  
Meso-simulation models that describe traffic at an intermediate level of detail and distinguish particular units 
in the traffic flow but do not take into account interactions between them. They are less precise and usually 
applied for the components of transportation systems covering larger areas.  
Macro-simulation models that describe traffic at a high level of aggregation, as a uniform traffic flow. They 
are based on deterministic relationships between the quantities characterizing the traffic flow such as: volume, 
speed and density. Macroscopic simulation has been developed to model an entire transportation network and/or 
system.  
2.2. Multiple criteria decision making / aiding 
Multiple Criteria Decision Making/Aiding (MCDM/A) is a field of study that originates in Operations 
Research - OR (Hillier & Lieberman, 2001) and focuses its efforts on solving multiple criteria decision problems, 
that is such complex decision situations in which several, often contradictory, points of view must be taken into 
account (Vincke, 1992). The multiple criteria decision problem may refer to three alternative situations that 
consist in (Roy, 1990, Vincke 1992): choosing the best/ most desirable variant from all feasible variants/ solutions 
(choice problematic); sorting the variants, i.e. assigning them into predefined classes (sorting problematic); 
ranking the variants, i.e. ordering them from the best to the worst (ranking problematic).  
In all three situations the major components of the multiple criteria decision problem are: a set of actions/ 
variants/ solutions A and a consistent family of criteria F. The set of A can be defined directly in the form of a 
complete list or indirectly in the form of certain rules and formulas that determine feasible actions/ variants/ 
solutions, e.g. in the form of constraints (Zak, 1999). The consistent family of criteria F should guarantee the 
following features of evaluation (Roy, 1990): completeness, consistency with the DM’s global preferences and 
non-redundancy.  
The MCDM/A methodology clearly identifies the major participants of the decision making/ aiding process, 
such as: the decision maker (DM), the analyst and the interveners (stakeholders). DM defines the objectives of the 
decision process, expresses preferences and finally evaluates the solutions obtained. The analyst is responsible for 
the decision support process. He/ she constructs a model of decision-making, selects the methods and tools to 
assist in solving the decision problem, explains the consequences of such decisions. The interveners/ stakeholders 
are the active participants of the decision process. They express subjective opinions and expectations and define 
their preferences.  
The process of solving a multiple objective decision problem is based on the application of computerized tools 
and methods. Those methods can be classified in different ways. For the purpose of this research they are 
categorized based on two classification criteria, i.e.: the purpose of the decision process and the way of 
aggregating the DM’s global preferences. In the first case MCDM/A methods can be split into (Figueira et al., 
2005): multiple criteria choice/ optimization methods, multiple criteria sorting methods and multiple criteria 
ranking methods. The second classification criterion allows to distinguish: methods of the American inspiration, 
based on the Multiattribute Utility Theory e.g. AHP, UTA and methods originated in Europe, based on the 
outranking relation (e.g. Electre III/IV methods, Promethee I and II , Oreste). 
In this paper two most representative multiple criteria ranking methods of the European and American school 
of MCDM/A, i.e. ELECTRE III/IV and AHP are applied. Their description is presented below.  
ELECTRE III method (Skalka, 1986; Vincke, 1992) allowed to rank a set of variants evaluated by a set of 
criteria, and based on the preferential information submitted by the DM. The preferential information is defined in 
the form of criteria weights - w and the indifference - q, preference - p and veto – v thresholds (Skalka, 1986). 
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The outranking relation in the Electre III method is built on the basis of the concordance and discordance tests. 
In the concordance test, concordance indicators C(a, b) are computed, while in a discordance test discordance 
index Dj(a,b) for each criterion j is calculated. These indexes are aggregated into an outranking relation S for each 
pair of alternatives (a,b). The outranking relation indicates the extent to which ”a outranks b” overall. This 
relation is expressed by the degree of credibility d(a,b), which is equivalent to the global concordance indicator 
C(a, b) weakened by the discordance indexes Dj(a,b). The values of d(a,b) are from the interval [0,1]. Credibility 
d(a,b)=1 if  and only if  the assertion a S b (“a outranks b”) is well founded, d(a,b)= 0 if there is no argument in 
favor of a S b (not a S b – “a does not outranks b”). Based on the values of d(a,b) the method establishes two 
preliminary rankings - complete descending and ascending preorders. In the descending distillation the ranking 
process starts from the selection of the best variant, which is placed at the top of the ranking while in the 
ascending distillation the variants are ranked in the inverse order.  
The final results are presented in the form of the ranking matrix and the graph. The following situations can be 
distinguished there: indifference (I), preference (P), lack of preference (P~) and incomparability (R). 
The AHP (Analytic Hierarchy Process) method (Saaty, 1980) allows to rank a finite set of variants A based 
on the hierarchical analysis of the decision problem. Through the definition of the overall objective, evaluation 
criteria, subcriteria and variants the method constructs the hierarchy of the decision problem. On each level of the 
hierarchy, based on the pair-wise comparisons of criteria, subcriteria and variants, the DM’s preferential 
information is defined in the form of relative weights wr (Saaty, 1980). Each weight represents relative strength of 
the compared element against another and it is expressed as a number from 1 to 9. All weights have a 
compensatory character, i.e.: the value characterizing the less important element (1/2, 1/5, 1/9) is the inverse of 
the value characterizing the more important element in the compared pair (2, 5, 9). 
The algorithm of the AHP method focuses on finding a solution for a, so-called, eigenvalue problem (Saaty, 
1980) on each level of the hierarchy. As a result a set of vectors containing normalized, absolute values of 
weights wa for criteria, subcriteria and variants is generated. The sum of the elements of the vector is 1 (100%). 
The absolute weights wa are aggregated by an additive utility function. The utility of each variant i – Ui is 
calculated as a sum of products of absolute weights wa on the path in the hierarchy tree (from the overall goal, 
through criteria and subcriteria) the variant is associated with. The utility Ui represents the contribution of variant 
i in reaching an overall goal and constitutes its aggregated evaluation that defines its position in the final ranking. 
The important element of the AHP algorithm is the investigation of the consistency level of matrices of 
relative weights wr on each level of hierarchy. Through the calculation of a consistency index CI one can measure 
how consistent is the preferential information given by the DM. If the value of CI is close to 0 the preferential 
information given by the DM is considered to be almost perfect. The acceptable level of CI is below 0.1. 
2.3. Group decision making. 
Group decision making (also known as collaborative decision making) (Kilgour & Eden, 2010, Saaty & 
Paniwati, 2008) is a decision process and an associated methodology of making a compromise / consensus 
decision in a situation when individuals collectively make a choice from the available alternatives or select a 
commonly acceptable course of action. In GDM the final decision is no longer attributable to any single 
individual who is a member of the group but to the group as a whole. It is assumed that in the GDM all 
individuals participating in the decision making process contribute to the final outcome.  
In many GDM processes individuals who are co-responsible for making a final decision may represent 
different decision makers (DM-s) and interveners (stakeholders). Due to natural differences between people their 
interests often remain in conflict (Leyva-Lopez & Fernandez-Gonzalez, 2003) which is a result of different value 
systems, distinct ethical and ideological views, subjective evaluations of the issue considered, different roles 
played by DM-s and interveners in the society (Roy, 1990). Thus, getting this decision requires that the persons 
involved in the decision making process look for a compromise/ consensus in relation to their individual 
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expectations. GDM is often discussed in a context of MCDM/A (Jelassi, 1990). As presented in this paper a 
strong interaction between these theories may exist when transportation projects are evaluated. 
3. Definition of the decision problem 
3.1. Essence of the decision problem 
The decision problem considered in this article resulted from the redesign of an important section of a major 
street, called Grunwaldzka in a medium-sized city - Poznan in Poland. The redesign involved changes and 
adjustments in both road and tram railroad. Different transportation solutions and concepts as well as distinct 
investments in transportation infrastructure were considered. As a result different variants of the street 
redevelopment were constructed.  
The proposed changes were strictly linked with the city preparation for the organization of the European 
Football Championships - EURO 2012. Due to the fact that Grunwaldzka st. is a critical access road to the city 
football stadium, its redesign played a crucial role for efficient control of transportation flows during EURO 
2012. The purpose of the redevelopment was the street capacity increase in the neighbourhood of the stadium 
(one of the adjacent crossroads) and the enhancement of the comfort of travel. The redesign was also associated 
with the construction of the inner ring-road in this area.  
The Grunwaldzka st. redevelopment variants were designed heuristically and tested in the traffic simulation 
system. To this end the Poznan city traffic model was adapted and adjusted to the analysed variants. On this basis 
a series of simulation experiments was conducted with the use of VISUM 11.0 programme for each of the 
variants offered. As a result a set of specific, quantitative measures characterizing the variants, such as: volumes 
of passengers and vehicles flows, capacity utilization ratio, flow velocity in the network was generated. This set 
constituted the input for the definition of more aggregated magnitudes, called evaluation criteria.  
The above described decision problem was formally defined as a multiple criteria ranking problem. The 
considered variants of Grunwaldzka st. redevelopment were to be evaluated by a family of criteria and finally 
ranked from the best to the worst with respect to these evaluation criteria and the decision makers’ (DM’s) 
preference model assumed.  
In the considered decision process the DM was a group of municipal officers representing the City Hall and 
responsible for the final shape of the Grunwaldzka st. redevelopment program. This group included:  
V-ce Mayor of Poznan, Director of the Urban Road Management Unit, Director of the Transportation Unit, 
Director of the Land Use Unit. The presented group DM was responsible to make final decision regarding the 
scope and content of the street redesign. This decision, to be acceptable, should satisfy the interests of different 
entities (stakeholders), including: passengers (PAS), investor (INV), public transport operator (PTO).  
3.2. Definition of variants 
Five variants, denominated by symbols V0 - V4 included the existing Grunwaldzka st. solution (variant V0) 
and four variants V1 - V4 featured by different changes in the current status of the street. These major changes 
involved: Introduction of a flyover, extension of the single two-lane road (arterial road) into two, two-lane roads, 
reconstruction of the tram railroad that constitutes the ending segment of the tram route, completed by two tram-
bus loops (depots). 
The overall idea of the street redevelopment resulted from the fact that the remaining part of Grunwaldzka st. 
had been constructed as two, two-lane roads, thus at the critical intersection (Grunwaldzka st.– inner ring-road) 
the street got narrowed which created the bottleneck. The elimination of this bottleneck was one of the redesign 
objectives. The variants are characterized below and presented in figure 1.  
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Variant V0 is a single level transportation solution. It is featured by two lane road (arterial road) and a separate 
tram railroad that run parallely along Grunwaldzka st. on a 1,7 km long segment. The tram corridor located at the 
northern side of the street does not cross the road in the analysed area. In this variant the inner ring-road that 
crosses Grunwaldzka st. is in its present underdeveloped form (collector/distributor single road with two lanes). 
Variant V1 is a two level transportation solution with the flyover above the inner ring-road. It is featured by two, 
two-lane roads (1,7 km long, arterial road) and a separate tram railroad that run along Grunwaldzka st. The tram 
corridor is located between roads and at certain points crosses the northern road to provide access to the tram-bus 
loops. In this variant the inner ring-road is in developed form (collector/distributor road – two, two-lane roads). 
Variant V2 is a two level transportation solution with the flyover above the inner ring-road. It is featured by two, 
two-lane roads on a 1,2 km long segment of the street and single two-lane road in its remaining, central part (0,5 
km long). Thus the two two-lane roads merge into single two-lane road and than split again into two, two-lane 
roads. Similarly to Variant V1 the tram corridor is located between the roads and crosses the northern road to 
provide access to the tram-bus loops. In this variant the inner ring-road is in the developed form. 
Variant V3 is a single level transportation concept. It is featured by the same solutions as Variant 1, except the 
fly-over that is replaced in Variant V3 by a standard intersection. 
Variant V4 is a single level transportation concept. It is featured by the same solutions as Variant 2, except the 
fly-over that is replaced in Variant V4 by a standard intersection. 
 
Fig.1. Sketches of the variants V0 – V4 – transportation solutions for Grunwaldzka st. in Poznan 
3.3. Consistent family of criteria  
It was assumed that the proposed family of criteria should cover major aspects of evaluation of the considered 
variants as well as measures that correspond to the interests and expectations of DM and major stakeholders, 
described in section 3.1. While defining the family of criteria the following aspects of evaluation were taken into 
consideration: organizational and social, technical, economic, ecological. A complete set of five criteria, which 
consider the aspects mentioned, and the interests of major stakeholders includes:  
Average travel time (C1) [minutes] – minimized. This criterion represents an important component of the 
travellers’ comfort of travel. It is defined as arithmetic average of travel times required to cover a distance of the 
analysed street segment (road and tram railroad) by private (PuT) and public transportation (PrT) means. 
Traffic safety (C2) [-] – minimized. The criterion evaluates safety level and an influence of the investment 
planned on the number of traffic accidents on the analysed segment of the street. It has been determined as a 
predicted annual number of accidents on the analysed section of the street based on the index of accident 
occurrence risk dependent on the above-mentioned infrastructural solutions and PuT and PrT vehicles traffic 
volume. It is important for DM and all stakeholders. 
Investment costs (C3) [mln PLN] – minimized. This criterion of financial character is very important for local 
municipal authorities and investor. It is defined as a total amount of money including: labour costs, material 
costs, costs of equipment and machinery, required to carry out a particular variant. 
Investment profitability (C4) [%] – maximized. This criterion is a financial – economic parameter that evaluates 
financial performance (efficiency) of particular variant. It is defined as an internal rate of return (IRR) or in other 
words the interest rate at which the discounted investment costs and incomes generated by the urban 
transportation system in the considered area balance in a certain time horizon (25 years). This criterion is 
meaningful for investor and municipal authorities. 
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Environmental friendliness (C5) [pts] – maximized. This criterion characterizes the level of environmental 
friendliness of the considered variants. It is defined as a number of points, assigned by experts, that corresponds 
to the evaluation of the negative impact of particular investments on environment in its neighbourhood. The 
definition of this criterion takes into account changes in the levels of noise and air pollution and represents the 
interest of DM and all stakeholders. 
4. Computational experiments 
4.1. Macrosimulation 
The analysed transportation solutions have strong influence on the traffic in the whole metropolitan area. 
Thus, the authors utilized macro-simulation approach to identify the global traffic phenomena in the whole 
metropolitan area and evaluated the impact of the local changes on the whole urban transportation system. To 
carry out traffic simulation experiments for each variant V0 - V4 the transportation model for the Poznan 
metropolitan area was customized and adjusted to specific conditions of variants. This customization consisted in 
the adaptation of a transportation network according to variants assumptions, calculating new modal split and 
new traffic assignment. This lead to generate evaluation parameters for each variant. Network adaptation 
consisted in the: aligning of links and nodes parameters to variants assumptions, adding/removing links, nodes, 
PuT stops and connectors, adjusting of the tram lines (course and timetables). 
To determine a new modal split the authors applied the logit model (Ben-Akiva & Lerman 1985) and 
calibrated it reaching the formula (1) with travel time as a factor influencing on the modal shift. The calibrating 
procedure had an iterative character and was based on the loop of iterations. In each iteration temporary 
assignment and skim matrix was calculated. The stop condition of the loop was formulated for such a state of the 
transportation system in which the balance between the modal shares of PrT and PuT means was achieved. 
ܯ௉௨் ൌ ଵଵାଷǡଶ௘షబǡఴరೣ                ܯ௉௥் ൌ ͳ െܯ௉௨் 
where: 
MPuT – share of the trips carried out by PuT; MPrT – share of the trips carried out by PrT; x –  quotient of 
the travel times for journeys by PrT and PuT means. 
(1) 
Based on the above mentioned calculation procedure the modal split was computed. The results for the whole 
model are presented in table 1. As one can see the differences between modes in the analysed variants are not 
substantial. This is the result of global approach to modal split calculation. 
Table 1. Modal split between public transportation (PuT) and private transportation (PrT) in all analysed variants 
V0 V1 V2 V3 V4 
PrT [Passenger trips]; [%] 69603; 54,76% 69715; 54,87% 69703; 54,86% 69729; 54,88% 69695; 54,85% 
PuT [Passenger trips]; [%] 57494,7; 45,24% 57341; 45,13% 57358,8; 45,14% 57323,3; 45,12% 57369,6; 45,15%
In the next step the traffic assignment was performed. This resulted in generating the volume of passengers’ 
and vehicles’ flows on particular links of the network. Despite the fact that PrT volumes were higher, the 
resulting traffic conditions were improved (see table 2) because transportation supply increased substantially. 
Table 2.Traffic volumes on the analysed section of Grunwaldzka st. in all variants 
V0 V1 V2 V3 V4 
Traffic volume [Veh/h] 697 1468 1253 1481 1265 
Capacity utilization ratio 87% 71% 70% 72% 70% 
While the traffic assignment was performed, the values of all criteria were calculated. Some of them (C1, C5) 
were generated directly from a simulation experiment, others (C2, C4) were based on the extension and 
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recalculation of the simulation results, and the remaining criterion (C3) was computed based on expert 
knowledge and external data sources. All in all the evaluation matrix was constructed (see table 3). 
Table 3. Evaluation matrix for analysed variants. 
Criteria Unit Direction of preference V0 V1 V2 V3 V4 
C1 Average travel time [min, sec] MIN 5min 31sec 2min 39sec 3min 41sec 3min 13sec 4min 0sec
C2 Traffic safety [accidents] MIN 0,036 1,744 3,116 2,286 4,097 
C3 Investment costs  [PLN] MIN 0 55 718 900 44 117 200 47 774 200 36 172 500
C4 Investment profitability  [%] MAX 2,582% 3,279% 2,620% 2,857% 2,214% 
C5 Environmental friendliness [pts] MAX 2,00 7,98 8,01 8,04 7,97 
4.2. Group and multiple criteria decision making 
The group and multiple criteria decision making processes were linked together and their interaction was 
incorporated into the phase of computational experiments. In this phase the modelling of DMs’ preferences and 
the selection of the MCDM/A method resulted in choosing a different paradigm of decision making.  
The modelling of preferences was carried out at two levels. At the first one a common standpoint regarding 
expressed preferences and expectations within each group of interveners/ stakeholders had to be reached through 
discussion and brainstorming. As a result a common model of preferences, acceptable for all members of the 
group of a specific intervener/ stakeholder (passengers, investor, public transport operator, and municipal 
authorities) was defined. The most complicated process of negotiations and definition of common model of 
preferences was in case of passengers. Representatives of this group had the most varied opinions thus the role of 
analyst was significant.  
At the second level, with the active assistance of the analyst, the proposed models of preferences for 
passengers, investor, public transport operator, and municipal authorities were aggregated into one collective – 
group oriented preference model. In this way different interveners’ / stakeholders’ interests and points of view 
were combined and balanced. This aggregation was carried out with the application of two alternative approaches 
resulting from the specific features of two applied MCDM/A methods (Electre III and AHP methods). These 
approaches included: 
Ex-ante analysis – focused on aggregating the individual models of preferences for each stakeholder group into 
one overall model prior to the computational experiments. Due to the form of expressing preferences in Electre 
III method this approach was applied for experiments carried out with the application of this method. As 
described in section 2.2 the Electre III method utilizes a preference model based on weights of criteria – w and 
thresholds q, p and v. Those thresholds represent the sensitivity of stakeholders to the changes of the criteria 
values. Each stakeholder group defined separately all four values – w, q, p and v. The model of the stakeholders’ 
preferences and group model of preferences is presented in table 4. The ex-ante approach is more suitable for 
Electre III method due to the fact that its model of expressing the DM’s and interveners’ preferences is very 
flexible in terms of aggregating the criteria weights w and thresholds q, p, v. In Electre III method both weights 
and thresholds are placed on an ordinal scale and thus they can be aggregated in the form of arithmetic or 
weighted averages. As opposed to Electre III method the model of preferences characteristic for AHP method is 
not very prone to aggregation. It requires that numerous pairwise comparisons between criteria and variants for 
different groups of stakeholders would have to be aggregated. The same way of aggregation as in the Electre III 
method (arithmetic or weighted averages) would lead to inconsistency of preferential information and DM’s 
confusion. 
Ex-post analysis – focused on aggregating the final rankings generated according to specific models of 
preferences for each group of stakeholders. In this case the aggregation was performed after the completion of the 
computational experiments. Due to the fact that the final rankings generated with the application of the AHP 
method are based on the computation of their quantitative measures (utilities), the authors recognized this method 
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as more proper for ex-post analysis. In this case the model of the stakeholders’ preferences is constructed 
separately for each group and it is based on the relative weights wr representing the strengths of particular 
elements in the pairwise comparison of criteria and variants. As described in section 2.2, the relative weights wr 
are defined as numbers from 1 to 9 and their inverses. All calculations of AHP method were carried out for each 
stakeholder. Final results of these calculations, corresponding to the values of utilities assigned to each variant in 
each stakeholders’ ranking, were aggregated into a collective group oriented ranking. For the ex-post analysis 
AHP method seems to be more appropriate. It allows to aggregate easily final results (rankings) due to the fact 
that they are based on the computation of numerical values of variants’ utilities. Thus, final aggregation of 
preferences is possible through the computation of the arithmetic/ weighted average of utility of each variant, 
which may be characterized by a different position (value) in the rankings generated according to the preferences 
expressed by specific groups of interveners / stakeholders. In that respect Electre III method is less suitable 
because the final rankings generated with its application do not have a numerical/ quantitative character. Thus, 
the aggregation does not have a natural background in this case. 
Table 4. The models of DM, stakeholders and collective preferences characteristic for the Electre III/IV method  
 
Cr
ite
rio
n Weight (w) Thresholds Indifference (q) Preference (p) Incomparability  (v) 
D
M
 
PT
O
 
IN
V
 
PA
S 
G
ro
u
p 
D
M
 
PT
O
 
IN
V
 
PA
S 
G
ro
u
p 
D
M
 
PT
O
 
IN
V
 
PA
S 
G
ro
u
p 
D
M
 
PT
O
 
IN
V
 
PA
S 
G
ro
u
p 
C1 8,3 9,3 8,7 10 9,1 32,5 26,7 30 25 28,6 50 65 50 50 53,8 82,5 140 120 100 110,6
C2 7,5 8,7 9 9,5 8,7 0,3 0,4 0,5 1 0,6 0,4 0,8 1 2,3 1,1 1,3 1,5 2 4,3 2,3 
C3 5,5 5,3 9 3 5,7 3 3,17 8 8,3 5,6 7 5,5 13 20 11,4 16,3 10,2 25 36,6 22,0
C4 4,5 5 7 4,7 5,3 0,3% 0,5% 0,2% 1,0% 0,5% 0,7% 0,9% 0,6% 2,7% 1,2% 2,3% 1,8% 1,0% 4,7% 2,4%
C5 3,5 4,3 4 5,3 4,3 2 1,4 1,3 1 1,4 2,6 2,4 2,3 2,3 2,4 6,1 3,4 5 5 4,9 
After all steps of the computational procedure in both methods (described in section 2.2) the final rankings 
were generated: in case of Electre III and ex-ante aggregation – one collective group oriented ranking was 
obtained while in the AHP method four separate rankings (for each stakeholder) were constructed and then 
according to ex-post analysis combined into the collective one. 
a) V1ÆV3ÆV0ÆV2ÆV4 b) V1 (0,301)ÆV3 (0,183)ÆV0 (0,183)ÆV4 (0,179)ÆV2 (0,155) 
Fig.2. Final results of computational experiments carried out by  a) ex-ante approach - Electre III method b) ex-post approach - AHP method  
5. Summary and conclusions  
The paper presents an original methodology of designing and evaluating transportation projects / solutions. 
The proposed approach is based on the application of Traffic Macro-Simulation, MCDM/A and GDM, which are 
combined into one coherent procedure.  
In the proposed method simulation models of all variants (including variant V0 – current transportation 
situation) were constructed and simulated in the macro-simulation software – Visum. The application of Visum 
resulted in the generation of a set of parameters and measures that were used in the definition/ computation of all 
previously defined criteria. They included a set of five measures such as average travel time, traffic safety, 
investment costs, investment profitability, environmental friendliness that constitutes the consistent family of 
criteria evaluating the designed variants. The important output of the proposed approach was modelling and 
aggregating the preferences of the DM and interveners. This allowed to integrate the theories of MCDM/A and 
GDM.  
The Authors applied Electre III method for the ex-ante analysis and aggregated preferences of different 
stakeholders in the form of arithmetic averages computed for weights w and thresholds q, p, v. They also used 
AHP method for the ex-post analysis in which the aggregation of overall stakeholders preferences were carried 
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out based on the computation of arithmetic averages of variants utilities. Based on the generated results one may 
conclude that both Electre III and AHP methods are suitable for multiple criteria evaluation of transportation 
projects/ solutions and can be applied in those decision processes in which MCDM/A is combined with GDM. 
The Authors claim that Electre III method is more appropriate for GDM based on the ex-ante analysis while AHP 
is more suitable for group decisions generated in the ex-post analysis. From a methodological point of view the 
proposed approach for combined MCDM/A and GDM is universal and can be applied in a variety of situations. 
From a practical point of view the generated results can be interpreted as follows. Both approaches give 
similar results. Three top positions in two collective, group oriented rankings are the same (variant V1, V3, V0). 
Two bottom positions in two collective, group-oriented rankings are occupied by variants V2 and V4 however 
placed in different order in the ex-ante and ex-post analysis. It is interesting that both DM and all the interveners 
selected the same variant (V1) as the most favourable. In the ex-post analysis variant V1 was the leader of each 
ranking generated based on the models of preferences of DM and each group of stakeholders. Although this 
variant is the most expensive, it has a very good ratings of the remaining criteria (the best or almost the best). 
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